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Method for improving com starch extractabilitv 

The present invention relates to the transformation of maize with a grain 
softness-enhancing gene, such as a puroindoline, for improving corn starch 
5 extractabilitv. The invention more particularly concerns the reduction of wet 
milling time using genetically transformed corn that expresses puroindoline. 

Com kernels have three main parts, the seed coat or pericarp, the 
starchy endosperm, and the embryo, commonly called the germ. The pericarp 

10 is the outer skin or hull of the kernel which serves to protect the seed. The 
endosperm, the main energy reserve, makes up about 80% of the total weight 
of the kernel. It is about 90% starch and 7% gluten (protein), with the 
remainder consisting of small amounts of oil, minerals and some trace 
constituents. The embryo contains a miniature plant made up of a root-like 

15 portion and five or six embryonic leaves. In addition, there are large quantities 
of high energy oil to feed the tiny plant when it starts to grow, as well as many 
substances required during germination and early development. 

Starch is one of nature's major renewable resources and a mainstay of 
food and industrial economy. Basic consumer necessities such as paper and 

20 textiles are major uses for corn starch in sizing, surface coating and adhesive 
applications. 

For more than 150 years, com refiners have been perfecting the 
process of separating com into its component parts to create a myriad of value 
added products. The com wet milling process separates corn into four main 
25 components: starch, germ, fiber and protein. 

An overview of wet milling process is illustrated in the Figure 4 annexed 
herewith. Typically, the process comprises five basic steps: 

- cleaning; 

- steeping; 

30 - germ separation; 

- grinding and screening; and 

- starch separation. 
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The first step in the process consists in cleaning the grain to remove 
extraneous material such as pieces of cob, foreign seeds, fine dirt, and other 
light unwanted material. 

The cleaned corn is further soaked in 50 degree water, usually 
5 containing small quantities of dissolved sulfur dioxide to prevent excessive 
bacterial growth, for 30 to 40 hours in steep tanks. During "steeping", the 
kernels absorb water, increasing their moisture levels from 15 percent to 45 
percent ,and more than doubling in size. As the com swells and softens, the 
mild acidity of the steepwater begins to loosen the gluten bonds within the corn 
10 and release the starch. After steeping, the com is coarsely ground to break the 
germ loose from other components. 

Water is added to the attrition mills and a thick slurry of macerated 
kernels and whole germ results. Because the germ at this stage contains 40- 
50% oil (about 85% of total corn oil) it is lighter than the endosperm and hull. 
15 The "germ separation" is thus achieved using centrifugal force to isolate the 
germ. 

The remaining mixture of hull and endosperm then passes through a 
series of "grinding' 9 and "screening" operations to release the starch and gluten 
from the fiber in the kernel. The suspension of starch, gluten and fiber is flowed 
20 over fixed screens which catch fiber but allow starch and gluten to pass 
through. 

The water slurry of starch and gluten is further separated by 
centrifugation. Because starch and gluten differ in density, almost complete 
"starch separation" \$ obtained. The starch, with just one or two percent protein 

25 remaining, is diluted, washed 8 to 14 times, rediluted and washed again to 
remove the last trace of protein and produce highly pure starch. 

Typical operations yield a starch stream over 99% pure starch, usually 
more than 99.5 % pure starch. The overall yield of the wet milling process is at 
least 95% of starch initially present in corn grain. 

30 The time required to conduct the totality of these operations is in theory 

up to 48 hours. In practice, many millers claim it usually takes about 36 hours 
or more to them to get over 95% of the starch out through this process. 
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A reduction of the milling time while maintaining same starch yield would 
be of great industrial interest. Actually, such a reduction would increase milling 
plants capacity and thus reduce cost per unit of starch extracted. 

The inventors propose to improve starch extractability by reducing the 
5 adhesion between the starch granules and the protein matrix in the maize 
endosperm. An easy way to determine this reduction of adhesion is through 
measuring grain hardness, which is related to the density of starch protein 
matrix in the endosperm. The inventors further observed that in harder grain it 
takes longer to hydrate the starch in the steeping step to a given moisture, and 
10 to wash it in the starch separators. 

Accordingly, the invention relates to a method for improving corn starch 
extractability in a given time frame in the course of wet milling process. 
Actually, starch extractability was found to be improved in corn with increased 
grain softness, such as obtainable with corn expressing a puroindoline protein. 
15 Puroindoline expressing corn indeed allows faster hydration and easier starch 
protein separation, decreased washings in the extraction process. 

Definitions 

In the context of the present invention, the term "planf refers to maize. 

20 In the present application, "increasing grain softness" or "increased 

grain softness" means making the texture of the com grain softer as compared 
to wild-type corn that does not express a grain softness-enhancing gene. A 
"grain softness-enhancing gene" is meant for a gene whose expression in 
transformed maize leads to grain texture softening, in particular, grain 

25 softness-enhancing genes include puroindoline-a and puroindoline-b. 

One skilled in the art can readily assess grain softness by techniques of 
hardness measurement, such as Near Infra-Red (NIR) spectrophotometry or 
Single kernel hardness readings (SKCS). Briefly, SKCS are obtained by 
analysing 10 individual kernels each of transgenic samples for hardness using 

30 the 4100 SKCS model from Perten Instruments following the manufacturer's 
operation manual. The 4100 singulates individual kernels, weighs them, then 
crushes them between a toothed rotor and a progressively narrowing crescent 
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gap. As a kernel is crushed, the force between the rotor and crescent are also 
measured. This information is processed to provide weight, size, moisture and 
hardness information on individual kernel basis. Mean hardness index, weight, 
size, moisture and their standard deviations are calculated from the single 

5 kernel data obtained on a 300 kernel sample. Hardness classification is 
determined from the average hardness index of the sample and the distribution 
of individual kernel hardness measurements within four hardness ranges as 
defined by the USDA/GIPSA. Hardness can further be measured by a NIR 
spectrophotometer, with a laboratory Mill 3100 from Perten Instrument and an 

10 Inframatic 8100 Perten spectrophotometer. The machine is calibrated with 
references samples analysed by the reference laboratory in France for the 
infra red method for hardness determination: ITCF laboratory (Paris). 

The term "maize with increased grain softness" describes a maize 
genetically transformed to stably express a grain softness-enhancing gene 

15 such as puroindoline. Expression of said gene confers a soft texture to the 
com produced by said genetically transformed maize, and reduces the 
adhesion between the starch granules and the protein matrix in the maize 
endosperm. 

The term "puroindoline" denotes puroindoline-a, puroindoline-b or 
20 homolog thereof. Preferably said puroindoline Is puroindoline-b. The encoding 
precursors and amino acid sequences of puroindoline-b (SEQ ID N°1 and SEQ 
ID N°2, respectively - accession number X69912) and puroindoline-a (SEQ ID 
N°3 and SEQ ID N°4, respectively - accession number X69913) have been 
described by Gautier (1994) and are shown in the annexed sequence listing. 
25 "puroindoline homolog" refers to any isolated puroindoline gene sequence 
exhibiting the same activity in terms of modification of grain texture even if the 
DNA sequence is not exactly identical. Puroindoline cDNA or gene sequences 
present in the same species and/or homologs of the puroindoline gene present 
in other plant species can be identified and readily isolated without undue 
30 experimentation. Also cDNA libraries can be obtained from mRNA from plant 
cell lines or tissues known or suspected to express a puroindoline. 



The term "homology generally refers to nucleic sequences that are 
different from a given gene sequence by substitution, deletion and/or insertion 
of nucleotides such that the nucleotide sequence encodes a protein with 
substantial homology to that encoded by said gene sequence. Preferably such 
a homologous nucleic acid sequence is at least 75% identical to the 
puroindoline gene sequence, preferably at least 85% identical, more preferably 
at least 90, 95, 98 % identical. 

A percentage of identity between two nucleic sequences refers to the 
percentage of nucleotides identical between the two nucleic sequences, these 
sequences being optimally aligned. The percentage is statistical. The optimal 
alignment for the comparison may be obtained for instance by the algorithm of 
local homology of Smith and Waterman (1981), or of Neddleman and Wunsch 
(1970), or by softwares using these algorithms (GAP, BESTFIT, BLAST). 

In a preferential manner such a homologous nucleic acid sequence 
hybridizes to the complementary sequence of the puroindoline gene sequence 
under stringent conditions. The parameters defining the stringency conditions 
depend on the temperature in which 50% of the coupled strands separate 
(Tm). 

Concerning the sequences comprising more than 30 bases, Tm is 
defined by the relation Tm = 81.5 + 0.41 (%G+C) + 16.6 Log (concentration in 
cations) - 0.63 (%fornamide) - (600/numbers of bases). (Sambrook et al., 
1989). 

Concerning the sequences less long than 30 bases, Tm is defined by 
the relation Tm = 4(G+C) + 2(A+T). 

In appropriate stringency conditions, in which non-specific sequences 
do not hybridize, the temperature of hybridization is approximately between 5 
and 30°C, preferable between 5 and 10°C under Tm and hybridization buffers 
used are preferably solutions of higher ionic force like a solution 6*SSC for 
example. 

As used herein, "improving corn starch extractability or "improved 
process of extracting corn starch" denotes an increase in starch extraction 
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yield through wet milling process in a given time frame, as compared to corn 
from a wild-type maize that does not express a grain softness-enhancing gene. 

More particularly, the improvement may consist in a reduction of the 
steeping time necessary to hydrate the starch to a given moisture. Typically, in 
5 the art it takes 30 to 40 hours to obtain kernels with 45% moisture. As to starch 
with improved extractability, the steeping time is preferably reduced by at least 
10 %, preferably at least 30%, still preferably by at least 50%. Preferably, in 
the milling process of the invention, the steeping step may be carried out in 24 
hours or less. 

10 In the context of the invention, the "steeping step time" or "steeping 

time" is defined as the time necessary to increase the moisture level of corn 
kernel to about 45 percent and/or to double their size by soaking the kernels in 
50 degree water. Measurement of moisture degree or kernel volume can be 
readily achieved with ordinary knowledge of the skilled In the art. 

15 in the context of the invention, the "number of washes in the starch 

separation step" is defined as the number of washes necessary to obtain a 
starch with a purity degree of at least 99%, preferably at least 99.5%. 



20 



Production of maize with increased grain softness 



So far, crops users have only been concerned with grain hardness of 
wheat. Although best known for its gluten-forming properties, the primary basis 
for discriminating different end uses in wheat is not protein content but grain 
hardness. Grain hardness refers to the texture of the kernel (caryopsis), that is, 
25 whether the endosperm is physically hard or soft. 

Friabilin and grain softness protein are two proteins isolated from wheat 
starch granules whose presence has been correlated with grain softness. 
Friabilins are marker proteins for grain softness. Puroindolines are low 
molecular weight basic cystine-rich proteins found in wheat seeds. 
30 Puroindolines show identity to the N-terminal sequence of friabilins. 

Two highly conserved mutations in puroindoline-a and puroindoline-b 
have been found to be inseparably linked to grain hardness (Giroux M.J. and 
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Morris C.F., 1998). It was reported that the absence of puroindoline-a protein 
and transcript and a glycine-to-serine mutation in puroindoline-b are two highly 
conserved mutations associated with grain hardness. 

Isolation and characterization of puroindoline-a and -b, have been 
5 described in Gautier M-F et al (1994). In wheat, an inverse relationship 
between hardness and puroindoline content has been demonstrated (Dubreil 
L. et al., 1998). In particular, expression of puroindoline-b is associated with 
increased grain softness. 

Native maize does not express puroindolines. The production of maize 
10 plants which express puroindolines has never been reported nor demonstrated 
to be achievable reproducibly. Such plants may be produced according to the 
method described hereafter. 

A method of producing a maize with increased grain softness may 
15 comprise the steps consisting of introducing a nucleic acid sequence which 
encodes a puroindoline protein into at least a maize cell and cultivating such 
transformed cell in conditions for regenerating fertile stable transformed maize 
plant More particularly, said method comprises the steps consisting of : 

(a) introducing a DNA construct which allow expression of a puroindoline 
20 protein into plant cell, plant tissue, or plant, 

(b) selecting the plant cell, or plant tissue, or plant which stably maintain the 
puroindoline expression, 

(c) and optionally regenerating fertile stable transformed plant. 

25 DNA construct 

Said DNA construct, or "expression cassette", may include 5' and 3' 
regulatory sequences operatively linked to the puroindoline gene. "Operatively 
linked" refers to functional linkage between the 5' and 3' regulatory sequences 
and the controlled nucleic acid sequence. Preferably said DNA construct is a 
30 cDNA construct 

The 5' regulatory sequence are notably promoters. These promoters 
would be selected for strength and/or spatial and temporal expression and/or 
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inductibility. More particularly, the promoters are cell-specific, tissue-specific, 
organ-specific, development-specific, partially constitutive or fully constitutive 
(a promoter that strongly expresses in many or all plant tissues) or inducible 
promoters that can be expressed in a plant. 
5 Transcription controlled by the operatively linked promoter produces a- 

functional messenger RNA whose transcription produces the puroindoline. An 
expression cassette typically includes the nucleic acid sequence for 
puroindoline-a and/or puroindoline-b operatively linked in the transformed plant 
to a transcription initiation region (a promoter sequence) and a transcription 

10 ending region. 

Examples of promoters useful for plant transformation include the 35S 
promoter or the 19S promoter (Kay et al., 1987), the pCRV promoter (Depigny- 
This et al., 1992), the ubiquitin 1 promoter of maize (Christensen et al., 1996), 
the regulatory sequences of the T-DNA of Agrobacterium tumefaciens, 

15 including mannopine synthase, nopaline synthase, octopine synthase, and the 
promoters regulated during seed development such as the HMWG promoter 
(High Molecular Weight Glutenin) of wheat (Anderson O.D. et al., 1989, 
Roberts et ah, 1 989), and the waxy, zein or bronze promoters of maize. 

According to a preferred method of the invention, the promoter is seed- 

20 specific and a particularly preferred method of the invention, the promoter is 
the HMWG promoter, for the expression cassette containing the puroindoline 
gene. 

The expression of puroindoline-a and/or puroindoline-b may be 
engineered producing a plant cell transformed with nucleic acid constructs that 

25 contain multiple copies of the puroindoline gene. Alternatively, a gene 
encoding the desired polypeptide can be placed in a nucleic acid construct 
containing an amplification-selectable marker (ASM) gene such as the 
glutamine synthetase (GS) or dihydrofolate reductase gene. Cells transformed 
with such constructs are subjected to culturing regimes that select cell lines 

30 with increased copies of ASM gene. See Donn et al. (1984) for a selection 
protocol used to isolate of a plant cell line containing amplified copies of the 
GS gene. Because the desired gene is closely linked to the ASM gene, cell 
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lines that amplified the ASM gene would also likely to have amplified the gene 
encoding the desired growth modulation polypeptide. 

The 3' regulatory sequence are notably terminators. These 3' terminator 
regions are linked to the gene of interest. Among the terminators useful for 
5 plant transformation within the framework of the present invention, the ones 
which can be used are the polyA 35S terminator of the cauliflower mosaic virus 
(CaMV), described in the article of Franck et al. (1980), the NOS terminator 
corresponding to the region in the non coding 3* region of the nopaline 
synthase gene of the Ti-plasmid of Agrobacterium tumefaciens nopaline strain 
10 (Depicker et al. 1992). the histone terminator (EP 0 633 317), and the tml 
terminator. 

The expression cassettes may additionally contain transit peptide 
sequences in the expression cassette construct. There are numerous 
examples in the art of transit peptides which may be used to deliver a target 
15 protein into a plastid organelle such as the small subunit (SSU) transit peptide 
of ribulose biphosphate carboxylase. 

Other elements like introns and enhancers can also be present in the 
nucleic sequence of interest in order to improve the expression of the gene of 
interest. 

20 An example of an enhancer is the translation activator of tobacco 

mosaic virus (TEV) described by Carrington and Freed (1990). 

Among useful introns, the first intron of maize adhlS can be placed 
between the promoter and the coding sequence. This intron when included in 
a gene construct increased the expression of the desired protein in maize cells 

25 (Callis et al., 1987). One also can use the 1 st intron of the shrunken 1 gene of 
the maize (Maas et al., 1991), the 1 st intron of the catalase gene of the bean 
catalase (CAT-1) (Ohta et al., 1990), the 2 nd intron of the ST-LS1 gene of 
potato (Vancanneyt et al. 1990), the DSV intron of the yellow dwarf virus of 
tobacco (Morris et al., 1992), the actin-1 intron (act-1) of rice (McElroy et al., 

30 1990) and intron 1 of triosephosphate isomerase (TPI) (Snowdon et al., 1996). 

The expression cassettes may additionally contain 5' leader sequences 
in the expression cassette construct. Such leader sequences can act to 
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enhance translation. Such 5' leaders are known In the art and include, but are 
not limited to, picornavirus leaders, for example, the EMCV leader 
(Encephalomyocarditis 5' noncoding region) (Elroy-Stein, Fuerest, and Moss 
B., 1989) ; potyvirus leaders, for example, the TEV leader (Tobacco etch Virus) 
5 (Allison et al., 1986) ; the human immunoglobulin heavy-chain binding protein 
leader (BiP) (Macejack and Sarnow, 1991) ; the untranslated leader from the 
coat protein mRNA of alfalfa mosaic virus (AMV RNA 4) (Jobling and Gehrke, 
1987) ; the tobacco mosaic virus leader (TMV) (Gallie et al., 1989) ; and the 
maize chlorotic mottle virus leader (MCMV) (Lommel et al., 1991). See also, 

10 Della-Cioppa et al. (1987). Other methods known to enhance translation can 
be utilized, for example introns, and the like. 

In order to obtain the same modified plants, any other genes exhibiting 
homology or substantial homology with a puroindoline gene could be utilised 
as DNA sequence of interest. 

15 The cassette may additionally contain at least one gene to be co- 

transformed into the organism. Alternatively, the additional gene(s) of interest 
can be provided on another expression cassette. 

According to the invention, the DNA construct may contain one or 
several selectable markers useful for transformation and selection. These 

20 selectable markers include, but are not limited to, antibiotic resistance, 
herbicide resistance or visual observation. Other phenotypic markers are 
known in the art and may be used in this invention. 

A number of selective agents and resistance genes are known in the 
art. (See, for example, Hauptmann et al., 1988 ; Dekeyser et al., 1988 ; 

25 Eichholtz et al., 1987 ; and Meijeret al., 1991). 

Notably the selectable marker used can be the bar gene conferring 
tolerance to bialaphos (White et al., 1990), the sulfonamide herbicide Asulam 
resistance gene, sul (described in WO 98/49316) encoding a type I 
dihydropterate synthase (DHPS), the nptll gene conferring resistance to a 

30 group of antibiotics including kanamycin, G418, paromomycin and neomycin 
(Bevan et al., 1983), the hph gene conferring resistance to hygromycin (Gritz 
et al., 1983), the EPSPS gene conferring tolerance to glyophosate (US 
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5,188,642), the HPPD gene conferring tolerance to isoxazoles (WO 96/38567), 
the gene encoding for the GUS enzyme, the green fluorescent protein (GFP), 
expression of which, confers a recognizible physical characteristic to 
transformed cells, the chloramphenicol transferase gene, expression of which, 
detoxifies chloramphenicol. 

According to a particularly preferred method of the invention, the 
promoter is the rice actin promoter, for the expression cassette containing the 
bar gene. 

In preparing the expression cassettes, the various DNA fragments may 
be manipulated, so as to provide DNA sequences in the proper orientation 
and, as appropriate, in the proper reading frame. Towards this end, adapters 
or linkers may be employed to join the DNA fragments and/or other 
manipulations may be required to provide convenient restriction sites, removal 
of superfluous DNA, removal of restriction sites, or the like. For this purpose, in 
vitro mutagenesis, primer repair, restriction, annealing, ligation, PCR, or the 
like may be employed, where nucleotide insertions, deletions or substitutions, 
for example transitions and transversions, may be involved. 

Transformation : 

A transgenic maize plant may be generated by transformation of a 
maize with at least an expression cassette mentioned above, so that 
puroindoline is expressed in the transgenic maize, said maize exhibiting a 
modified grain hardness compared to a progenitor plant which does not 
contain the expression cassette when the transgenic plant and the progenitor 
plant are cultivated under the same conditions. 

The DNA construct which allows the expression of a puroindoline-a 
and/or puroindoline-b protein is introduced into a plant cell, a plant tissue, or a 
plant. Where the transformed maize is to express puroindoline-a and 
puroindoline-b, both transgenes can be introduced in plant cells by means of 
either a unique DNA construct or by two DNA constructs. Alternatively a plant 
expressing puroindoline-a can be crossed with a plant expressing 
puroindoline-b. 
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The transformation of plants may be carried out in essentially any of the 
various ways known to those skilled in the art of plant molecular biology. See, 
in general, Methods in Enzymology Vol. 153 ("Recombinant DNA Part D") 
1987, Wu and Grossman Eds., Academic Press, incorporated herein by 
reference. 

As used herein, the term "transformation" encompasses the genetic 
manipulation of the plant, cell, cell line, callus, tissue, plant part, and the like. 
.That is, such cell, cell line, tissue, plant part, or plant which has been altered 
by the presence of recombinant DNA wherein said DNA is introduced into the 
genetic material within the cell, either chromosomally, or extra-chromosomally. 
Recombinant DNA includes foreign DNA, heterologous DNA, and chimeric 
DNA. The recombinant DNA can be random either targeted in a specific locus 
by homologous recombination according to techniques already known by the 
one skilled in the art. 

The foreign nucleic acid may be mechanically transferred by 
microinjection directly Into plant cells (cytoplasm or nucleus) by use of 
micropipettes. Alternatively, the foreign nucleic acid may be transferred into the 
plant cell by using polyethylene glycol in presence of bivalent cations (Ca 2+ ). 
This forms a precipitation complex with the genetic material that is taken up by 
the cell. (Paszkowski et al., 1984). 

The introduced gene may also be introduced into the plant cells by 
electroporation. (Fromm et al., 1985, which is incorporated herein by 
reference). In this technique, plant protoplasts are electroporated in the 
presence of plasmids or nucleic acids containing the relevant genetic 
construct. Electrical impulses of high field strength reversibly permeabilize 
biomembranes allowing the introduction of the plasmids. Electroporated plant 
protoplasts reform the cell wall, divide, and form a plant callus. Selection of the 
transformed plant cells with the transformed gene can be accomplished using 
phenotypic markers. 

Cauliflower mosaic virus (CaMV) may also be used as a vector for 
introducing the foreign nucleic acid into plant cells. (Hohn et al., 1982 ; Howell, 
United States Patent No. 4,407,956). CaMV viral DNA genome is inserted into 
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a parent bacterial plasmid creating a recombinant DNA molecule which can be 
propagated in bacteria. After cloning, the recombinant plasmid again may be 
cloned and further modified by introduction of the desired DNA sequence into 
the unique restriction site of the linker. The modified viral portion of the 
recombinant plasmid is then excised from the parent bacterial plasmid, and 
used to inoculate the plant cells or plants. 

Another method of introduction of nucleic acid segments into plant cells 
is to Infect a plant cell, an explant, a meristem or a seed with Agrobacterium 
tumefaciens transformed with the segment. Under appropriate conditions 
known in the art, the transformed plant cells are grown to form shoots, roots, 
and develop further into plants. The nucleic acid segments can be introduced 
into appropriate plant cells, for example, by means of the Ti plasmid of 
Agrobacterium tumefaciens. The Ti plasmid is transmitted to plant cells upon 
infection by Agrobacterium tumefaciens, and is stably integrated into the plant 
genome. (Horsch et al., 1984 ; Fraley et al., 1983). 

Further maize tissues that are capable of transformation according to 
the methods described herein include calli, cell suspension cultures, anthers, 
microspores, embryos, inflorescences, and the like. Cell suspension cultures 
can be derived from calli of embryos, leaf tissues, young inflorescences, 
anthers, etc. 

Callus can be originated from any tissues of maize plants. Preferably 
the tissue utilized in initiating callus is immature tissue such as immature 
embryos, immature inflorescences, and the basal portion of young leaves. 

Alternatively, callus can be originated from anthers, microspores, 
mature embryos and in principle any other tissue of maize capable of forming 
callus and or secondary embryos. 

An especially useful tissue for producing regenerable callus is the 
scutellum of immature maize embryos. 

A preferred method of introducing the nucleic acid segments into plant 
cells is transformation by Agrobacterium tumefaciens. Another method of 
transformation is particle bombardment (WO 98/4931 6). 
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After transformation of the plant cells or plant, those plant cells or plan 
transformed . so that the desired DNA segment is integrated can be selected by 
an appropriate phenotypic marker. 

Preferably a cotransformation system may be used whereby the 
selectable marker gene, the herbicide Basta resistance bar gene, and the 
puroindoline gene are introduced on two separate expression cassettes. 

Selection : 

Selection of transgenotes for further study is typically based upon a 
medium selection. The term "transgenote" refers to the immediate product of 
the transformation process and to resultant whole transgenic plants. 

The engineered maize plant material may be selected or screened for 
transformants (those that have incorporated or Integrated the introduced gene 
constructs)). An isolated transformant may then be regenerated into a plant. 
Alternatively, the engineered plant material may be regenerated into a plant or 
plantlet before subjecting the derived plant or plantlet to selection or screening 
for the marker gene traits. Procedures for regenerating plants from plant cells, 
tissues or organs, either before or after selecting or screening for marker I 
gene(s), are known to those skilled in the art. 

A transformed maize plant cell, callus, tissue or plant may be identified 
and isolated by selecting or screening the engineered plant material for traits 
encoded by the marker genes present on the transforming DNA. For instance, 
selection may be performed by growing the engineered plant material on 
media containing inhibitory, amount of the antibiotic or herbicide to which the 
transforming gene construct confers resistance. Further, transformed plants 
and plant cells may also be identified by screening for the activities of any 
visible marker genes (e.g., the beta-glucuronidase, luciferase, B or C1 genes) 
that may be present on the recombinant nucleic acid constructs of the present 
invention. Such selection and screening methodologies are well known to 
those skilled in the art. 
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Medium comprising glufosinate-ammonium is the preferred medium for 
the selection step involved in growing transformed plant cells or tissues, 
preferably immature embryos. 

Aftergrowth on selection medium the transformed and selected tissue is 
allowed to grow. 

For plants surviving selection on glufosinate-ammonium -containing 
medium, genomic DNA is extracted and probed to confirm transformation. 
Methods are available in the art for the isolation of DNA from biological 
material in culture as well as for confirming the presence of DNA of interest. 
Such methods to confirm include but are not limited to 

1) PCR analysis as well as Southern blot hybridisation for 
determining the structure of the recombinant DNA insert. See, 
Southern, EM (1975) Journal of Molecular Biology 98 :503 and 
Mullis, KB (1987) Methods in Enzymology 155 :335 ; 

2) Northern blot, reverse transcriptase-PCR amplification for 
detecting and examining RNA transcripts of the gene 
construct ; 

3) Protein gel electrophoresis. Western blot techniques, 
immunoprecipitation, or enzyme-linked immunoassays, where 
the gene construct products are proteins. 

Protein expression : 

The puroindoline expression is analysed by Enzyme-Linked- 

Immunoabsorbant-Assay (ELISA known by the one skilled in the art) in 
transgenic plants. 

Regeneration : 

Normally, regeneration is involved in obtaining a whole plant from the 
transformation process. The term "regeneration" as used herein, means 
growing a whole plant cell, a group of plant cells, a plant part or a plant piece 
(for example, from a protoplast, callus, or tissue part). 



Methods of regenerating whole plants from plant cells are known in th« 
art, and the method of obtaining transformed and regenerated plants is no 
critical to this invention. 

In general, transformed plant cells are cultured in an appropriate! 

5 medium, which may contain selective agents such as antibiotics, where 
selectable markers are used to facilitate identification, of transformed plant 
cells. Once callus forms, shoot formation can be encouraged by employing 
appropriate plant hormones in accordance with known methods and shoots 
transferred to rooting medium for regeneration of plants. The plants may then 

10 be used to establish repetitive generations, either from seeds or using 
vegetative propagation techniques. 

Thus, the invention also relates to maize plant tissue, plants or seeds 
containing the nucleic acid sequences described above. In the context of the 
disclosure "plant tissue" refers to any tissue of a plant, in planta, or in culture. 

15 This term includes, but is not limited to, whole plants, plant cells, plant organs, 
plant seeds, protoplasts, callus, celt cultures and any groups of plant cells 
organized into structural and/or functional units. The use of this term in 
cunjunction with, or in the absence of, any specific type of plant tissue as listed 
above or otherwise embraced by this definition is not limited to be exclusive of 

20 any other type of plant tissue. 

The cells which have been transformed may be grown into plants in 
accordance with conventional techniques. See for example, McCormick et al. 
(1986). These plants may then be grown, and either pollinated with the same 
transformed strain or different strains, and the resulting hybrid having the 

25 desired phenotypic characteristic identified. Two or more generations may be 
grown to ensure that the introduced phenotypic characteristic is stably 
maintained and inherited and then seeds harvested to ensure the desired 
phenotype or other property has been achieved. 

Improved embryogenic cultures of maize can be obtained by using 

30 previously regenerated material as a source of starting material. The starting 
material for these improved cultures may be either immature embryos obtained 
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directly from regenerated plants, or the starting material may be seeds from 
regenerated plants grown as source of immature embryos. 

Vectors : 

The decision as to whether to use a vector, or which vector to use, is 
guided by the method of transformation selected, and by the host cell selected. 

Where a naked nucleic acid Introduction method is used, then the vector 
need be no more than the minimal nucleic acid sequences necessary to confer 
the desired phenotype, without the need for additional sequences. 

Possible vectors include the Ti plasmid vectors, shuttle vectors 
designed merely to maximally yield high numbers of copies, episomal vectors 
containing minimal sequences necessary for ultimate replication once 
transformation has occured, transposon vectors, including the possibility of 
RNA forms of the gene sequences. The selection of vectors and methods to 
construct them are commonly known to persons of ordinary skill in the art and 
are described in general technical references (Mullis, KB (1987), Methods in 
Enzymology). 

For other transformation methods requiring a vector, selection of an 
appropriate vector is relatively simple, as the constraints are minimal. The 
apparent minimal traits of the vector are that the desired nucleic acid sequence 
be introduced in a relatively intact state. Thus, any vector which produces a 
plant carrying the introduced DNA sequence should be sufficient. Also, any 
vector which introduces a substantially intact RNA which can ultimately be 
converted into a stably maintained DNA sequence should be acceptable. 

However, any additional attached vector sequences which confer 
resistance to degradation of the nucleic acid fragment to be introduced, which 
assists in the process of genomic integration or provides a means to easily 
select for those cells or plants which are actually, in fact, transformed are 
advantageous and greatly decrease the difficulty of selecting useable 
30 transgenotes. 

The vector can exist, for example, in the form of a phage, a plasmid or a 
cosmid. The construction of such expression vectors for transformation is well 
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known in the art and uses standard techniques. Mention may be made of th 
methods described by Sambrook et al. (1989). 

Host Cells : 

The decision as to whether to use a host cell, or which host cell to use 
is guided by the method of transformation. 

In a particular embodiment, the present invention provides a host cell 
comprising a vector as described above. Any of a large number of available 
and well-known host cells may be used in the practice of this invention. The 
selection of a particular host is dependent upon a number of factors 
recognized by the art. These include, for example, compatibility with the 
chosen expression vector, bio-safety and costs. Useful hosts include bacteria 
such as E. colisp. or Agrobacterium. 

More particularly, the host cell used in carrying out the invention is 
Agrobacterium tumefaciens, according to the method described in the article of 
An et al., 1986, or Agrobacterium rhizogenes, according to the method 
described in the article of Jouanin et al., 1987. 

Method of enhancing com starch extractability 

The invention thus provides a method for improving corn starch 
extractability. In the context of the invention starch extractability is more 
particularly carried out by a wet milling process. A wet milling typically 
comprises five basic steps consisting of: 

- cleaning; 

- steeping; 

- germ separation; 

- grinding and screening; and 

- starch separation. 

In the above process, faster hydration and easier starch protein 
separation of corn is achieved by using com with Increased grain softness, 
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such as obtainable by expression of a grain softness-enhancing gene, for 
instance a puroindoline gene. 

The invention thus relates to the use of a maize that is transformed so 
as to express a grain softness-enhancing gene, as a source of com with 
improved starch extractability. 

The invention further provides a method of obtaining corn with improved 
starch extractability comprising cultivating a maize transformed with a grain 
softness-enhancing gene and harvesting com produced by said maize. 

Additionally, the invention relates to a method of improving starch 
extractability comprising cultivating a maize transformed with a grain softness- 
enhancing gene and harvesting com produced by said maize 

A method of obtaining such a transformed maize is thoroughly 
described in the above section "Production of maize with increased grain 
softness" for the one skilled in the art to carry out the invention. 

Preferably, said grain softness-enhancing gene is puroindoline-a or 
puroindoline-b gene. In particular, said transformed maize may be transformed 
with and express puroindoline-a and puroindoline-b. 

Accordingly, a maize transformed with a grain softness-enhancing gene 
may for instance be obtained by introducing a nucleic acid sequence which 
encodes a puroindoline protein into at least a maize cell and cultivating such 
transformed cell in conditions for regenerating fertile stable transformed maize 
plant. 
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In another embodiment, the invention proposes an improved process of 
extracting com starch, comprising wet milling a corn with increased grain 
softness to provide highly pure com starch. In particular, the improved process 
comprises wet milling a corn that has been transformed so as to express a 
grain softness-enhancing gene to provide corn starch. 

Said com with increased grain softness may be produced by a maize 
transformed with a grain softness-enhancing gene. Thus, preferably said 
maize and corn express a puroindoline protein. 
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The improvement in the wet milling process comprises increasing stare 
yield through in a given time frame, as compared to wet milling of a corn from 
wild-type maize that does not express a grain softness-enhancing gene. Such 
an improvement more particularly relies on a reduction of the steeping time 

5 and/or on a reduction of the number of washes in the starch separation step. 

Preferably, in the process of the invention, the overall time necessary to 
achieve a starch extraction yield of at least a g5% is below 30 hours. Still 
preferably, the overall time necessary to achieve a starch extraction yield of at 
least a 95% is below 27 hours, more preferably below 24 hours. 

10 Advantageously, the number of washes in the starch separation step is 

dramatically reduced, of at least 50 % (two-fold), as compared to wet milling of 
corn without increased softness. Preferably, the number of washes in the 
starch separation step is between 2 to 4. 

Advantageously, the steeping step time of the process of the invention 

15 is reduced by at least 10 %, preferably at least 20%, preferably by at least 
30%, as compared to wet milling of corn without increased grain softness. 
Preferably the steeping step time is below 24 hours. 

Preferably, the starch produced by the process of the invention is highly 
pure, that is with a degree of purity over 99%, and still preferably over 99.5 

20 percent pure. 

The present invention will be further understood in view of the annexed 
figures and following examples. 

25 Figure 1 represents plasmid pBIOS 443 that contains the puroindoline-a 

cassette. 

Figure 2 represents plasmid pBIOS 442 that contains the puroindoline-b 
cassette. 

Figure 3 represents plasmid pBIOS 273 that comprises an expression 
30 cassette including rice actin promoter, bar gene, and 3*Nos terminator. 

Figure 4 shows a schematic process for starch separation. 
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EXAMPLES 

By way of example, and not limitation, an examplary preferred 
embodiment of the present invention entails introducing a full-length 
puroindoline-a or b coding sequence in sense orientation into maize immature 
embryos. These transgenotes are grown into plants and variations in grain 
hardness are observed. 

EXAMPLE 1: DNA construct 

The promoter of the high molecular weight glutenin (HMWG) gene 1 Dx5 
(Halford et a/., 1989) was isolated from wheat genomic deoxyribonucleotidic 
acid (DNA) using PCR. Primers carried Clal and EcoRI sites. The HMWG 
promoter was digested with Clal-EcoRI and ligated into the Clal-EcoRI site of 
pBluescript (Stratagene). 

The Nos terminator (Depicker et al., 1992) was isolated as a PCR 
fragment and ligated into the BamHI-SacI site of this subclone to make 
PDV03000 (WO 00/31274). 

The cDNA sequences P Ta31 and P Ta19B2 (Gautier et al., 1994) 
encoding precursors of puroindoline-a and puroindoline-b respectively having 
cleavable N-terminal and C-terminal sequences putatively involved in 
targeting, were introduced between the HMWG promoter and the Nos 
terminator of pDV03000 as follows. 

The cDNA clones were digested with Notl and Sail and the ends made 
blunt. The blunt-ended P Ta31 and pTA19B2 were ligated into the Smal site of 
PDV03000 to give pPIA and pPIB, respectively. 

The sequence TCGACCCACGCGTCCG (SEQ ID N«5) was introduced 
between the Smal site and the beginning of the puroindoline-a or the 
puroindoline-b cDNA sequences. Using this cloning strategy no ATG was 
introduced between the HMWG promoter and the ATG of puroindoline-a or the 
puroindoline-b sequences. 
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The sequence GCGGCC (SEQ ID N°6) was introduced at the end of the! 
puroindoline-a or the puroindoline-b cDNA sequences between the poly(A) tail! 

and the Smal site. I 
The puroindoline-a expression cassette, PIA, containing the HMWGl 
5 promoter, the puroindoline-a gene, and the Nos terminator, was removed from! 
pPIA within a fragment of approximately 1.4kb using a Notl - Xhol digest. The! 
reaction was started with a Notl digestion, followed by a blunting reaction with I 
T4 DNA polymerase and completed with a Xhol digestion. 1 
The puroindoline-b expression cassette, PIB, containing the HMWG 
10 promoter, the puroindoline-b gene, and the Nos terminator was removed from 
pPIB within a fragment of approximately 1.4 kb in the same way as for the 
puroindoline-b expression casette. 

The puroindoline-a or the puroindoline-b expression cassette (Notl/blunt 
- Xhol fragment) were introduced into the super-binary maize transformation 
15 vector pBIOS 342 opened with Pmel and Xhol. This resulted in plasmids 
pBIOS 443 (containing the puroindoline-a cassette, Figure 1) and pBIOS 442 
(containing the puroindoline-b cassette, Figure 2) respectively. 

The maize super-binary transformation vector pBIOS 342 carries an 
expression cassette containing the following elements: Ds element - rice actin 
20 I promoter - rice actin I first intron - Bar gene - Nos terminator - Ds element. It 
was obtained by exchanging the Nsil fragment containing part of the rice actin I 
first intron, the Nptll gene and part of the Nos terminator from pBIOS 340 with 
the Nsil fragment from pDM302 (Cao et al., 1992) containing part of the rice 
actin I first intron, the bar gene and part of the Nos terminator. 
25 pDM302 was prepared as follows : 

The coding region of the bar gene from Streptomyces hygroscopicus that 
encodes the PAT (Phosphinothricine Acetyl Transferase) activity was removed 
from plasmid plJ4104 (White et al., 1990) by the restriction enzyme Smal (600 
bp fragment) and cloned into the expression vector pCOR113 (McElroy et al., 
30 1991) after the 5' fragment (promoter and first intron) of rice Actine 1 gene 
(Act-1). The 4.9 kb plasmide pDM301 containing the expression cassette Act1- 
bar was thus obtained. The expression cassette Act1-bar of pDM301 was 
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removed within a 2.0 Kb restriction fragment Xhol-Xbal and cloned between 
the Sail and Xbal sites, upstream the terminator sequence of the nos gene that 
encodes nopaline synthase (plasmid pNOS72). The 4.7 kb plasmid pDM302 
so obtained contained the expression cassette Act1 -bar-nos. 
5 Plasmid pBIOS 340 is a super-binary transformation vector containing 

the Nptll gene under control of the rice actin I promoter and its first intron and 
the Nos terminator between 2 Ds elements (Yoder et al. f 19g3). It has been 
generated by introducing the Xbal - Xhol fragment (Ds element - rice actin I 
promoter and its first intron - Nptll gene - Nos terminator - Ds element) from 

10 pBIOS 339 into the super-binary transformation vector pBIOS 273 opened with 
Xbal and Xhol. Plasmid pBIOS 339 is a pUC derived plasmid containing the 
Nptll gene under control of the rice actin I promoter and its first intron and the 
Nos terminator between 2 Ds elements. 

Plasmid pBIOS 273 (figure 3) carries an expression cassette including 

15 rice actin promoter, bar gene, and 3'Nos terminator. This plasmid has been 
built according to standard molecular biology techniques well known from the 
skilled person. 

Plasmid pBIOS 273 is in the form of a donor vector derived from 
vector pSB12 (EP 672 752), of about 8.6 kb, comprising : 
20 - ori origin : origin of a plasmid replication Col E1, necessary for the 

maintenance and multiplication of the plasmid in the bacteria. 

- a gene that provides resistance to spectinomycin, and and that is 
expressed only in bacteria, 

- a T-DNA that comprises the bar gene providing resistance to Basta® 
25 herbicide under the control of rice actin promoter and 3'Nos terminator. 

Plasmid pBIOS 273 has been produced in two steps : 

- cloning fragment BspDI/Xhol (actin promoter - bar gene - Nos 
terminator) of vector pDM 302 (Cao et al., 1992) into Smal and BspDI sites of 
vector pSB12 (EP 672 752). The vector resulting from the cloning is called 

30 pBIOS272. 



- deletion Xhol site in position 3363 of vector pBIOS 272 by partia 
digestion with Xhol and action of DNA Polymerase I, large (Klenow) fragment 
The vector obtained, that possesses a unique Xhol site, is called pBIOS 273. 

The actin promoter corresponds to the non coding 5' region of actin 1 
gene in rice and its first intron (Mc Elroy et al., 1991 ; Gene Bank n° S 44221). 

3'Nos terminator is a terminator of nopalin synthase that corresponds 
to non coding 3' region of the nopalin synthase in plasmid Ji Agrobacteriur 
tumefaciens nopalin strain (Depicker et al., 1982). 

Nptll gene has been isolated from transposon Tn5 of Escherichia coli 
(Berg et al., 1983). This gene encodes neomycin phosphotransferase type II 
enzyme that catalyses O-phosphorylation of aminoglycoside antibiotics such 
as neomycin, kanamycin, gentamycin and G418 (Davies and Smith, 1978). 
This gene provides resistance to kanamycin, that is used as a selection agent 
in plant genetic transformation. It is described by Bevan et al. (Genbank n° 
U00004). 

EXAMPLE 2 : Maize transformation method and selection 
procedure 

The genetic transformation of maize, whatever the method employed 
(electroporation, biolistics, microfibres, particle gun), generally requires the use 
of rapidly dividing undifferentiated cells which have conserved an ability to 
regenerate whole plants. This type of cell composes the embryogenic friable 
callus (termed type II) of maize. 

These calluses are obtained from immature embryos of genotype H1 II 
or (A188xB73), according to the method and on the media described by 
Armstrong (1994). The calluses thus obtained are multiplied and maintained by 
successive subculturings every fortnight on the initiation medium. 

Plantlets are then regenerated from these calluses by modifying the 
hormonal and osmotic balance of the cells according to the method described 
by Vain et al (1989). These plants are then acclimatized in a greenhouse, 
where they can be crossed or selfpollinated. 
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Transformation of maize is performed by using the Agrcbacterium 
tumefacienstechnlque as described by Ishida et al., 1996. 
The bar gene serves as the selection gene. 

5 EXAMPLE 3 : Molecular characterisation of the transformant 

DNA extraction was performed with the Qiagen extraction kit according 
to the manufacturer with a slight modification : The DNA elution buffer is 
diluted 10 x with water and elution is done with 200 pi instead of the 150 pi 
preconised by the manufacturer. The DNA is then precipitated and 
10 resuspended in 15 pi water. 

Southern blotting is then performed to show the insertion of the 
transgene into the genome of the plant, and to evaluate the number of copies 
and characterize the integration pattern. 

A HMGW probe is used to detect the transgene, whereas a bar probe or 
15 an actin promoter probe may be used to detect the marker gene. 
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CLAIMS 



1. Use of a maize that has been transformed so as to express a 
grain softness-enhancing gene, as a source of com with improved starch 

5 extractability. 

2. The use according to claim 1, wherein said grain softness- 
enhancing gene is a puroindoline gene. 

3. The use according to claim 1 or 2, wherein said transformed 
maize expresses puroindoline-a and/or puroindoline-b. 

10 4 - A metnod of improving starch extractability comprising cultivating 

a maize transformed with a grain softness-enhancing gene and harvesting 
corn produced by said maize. 

5. The method according to claim 4, wherein said grain softness- 
enhancing gene is a puroindoline gene. 
15 6. The method according to claim 4 or 5, wherein said transformed 

maize is obtained by introducing a nucleic acid sequence which encodes a 
puroindoline-b protein into at least a maize cell and cultivating such 
transformed cell in conditions for regenerating fertile stable transformed maize 
plant. 

20 7. The method according to claim 4 or 5, wherein said transformed 

maize is obtained by introducing a nucleic acid sequence which encodes a 
puroindoline-a protein into at least a maize cell and cultivating such 
transformed cell in conditions for regenerating fertile stable transformed maize 
plant. 

25 8 * The method according to any of claims 4 to 7, wherein said 

transformed maize is obtained by Introducing a nucleic acid sequence which 
encodes a puroindoline-b protein and a nucleic acid sequence which encodes 
a puroindoline-a protein into a maize cell and cultivating such transformed cell 
in conditions for regenerating fertile stable transformed maize plant. 

30 9. An improved process of extracting com starch, comprising wet 

milling a com that has been transformed so as to express a grain softness- 
enhancing gene to provide com starch. 
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10. The process according to claim 9, wherein said corn expresses 

puroindoline protein. 

11. The process according to claim 9 or 10, wherein said co 

expresses puroindollne-a and/or puroindoline-b. 

12. The process according to any of claims 9 to 11, wherein the 
overall time necessary to achieve a starch extraction yield of at least a 95% is 
below 30 hours. 

13. The process according to any of claims 9 to 12, wherein the 
overall time necessary to achieve a starch extraction yield of at least a 95% is 
below 24 hours. 

14. The process according to any of claims 9 to 13. wherein the 
number of washes of the starch separation step is reduced by at least 50% as 
compared to milling of com without increased grain softness. 

15. The process according to any of claims 9 to 14, wherein the 
number of washes of the starch separation step is between 2 to 4. 
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Method for improving corn starch extractability 



Abstract 

The present invention relates to the transformation of maize with a grain 
softness-enhancing gene for improving com starch extractability. The invention 
more particularly concerns the reduction of wet milling time using genetically 
transformed com that expresses puroindoline. 
Fig. none 
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1 

SEQUENCE LISTING 

<110> BIOGEMMA 

<120> Method for improved corn starch extractability 

<130> BET 02/0761 

<160> 6 

<170> Patentln version 3.1 

<210> l 

<211> 598 

<212> DNA 

<213> Triticum aestivum 
<220> 

<221> CDS 

<222> (17) . . (463) 

<223> 



<400> 1 

aaacaacatt gaaaac atg aag acc tta ttc etc eta get etc ctt get ctt 

Met Lys Thr Leu Phe Leu Leu Ala Leu Leu Ala Leu 
5 10 

Si? I? 9 o 9C aCC ttC 909 caa tac tca 9*a gtt gge ggc too tac 
Val Ala Ser Thr Thr Phe Ala Gin Tyr Ser Glu Val G?y Ify Sr 
15 20 



25 



aat gaa gtt ggc gga gga ggt ggt tct caa caa tat ceo caa aSfl ^ 
Asn Glu Val Gly Gly Gly Gly Gly Ser Gin Gin c£ S SK Su 25 



40 



Pro Lys Leu s£ Ser r^ 9 9t9 at9 9&9 C9 * t9t ttc aca 

Pro Lys Leu Ser Ser Cys Lys Asp Tyr Val Met Glu Arg Cys Phe Thr 



55 



60 



atg aag gat ttt cca gtc acc tgg ccc aca aaa tgg tgg aag gg C croc 
Met Lys Asp Phe Pro Val Thr Trp Pro Thr Lys Tr| Tr? Ss G?y III 
65 70 75 

£ a a a ss a a si £ 3: a is 22 a a s 



90 



is a a a a a 5 a a a a » a a ss a 

100 105 

a a a a a s ° g 5 s ir y a e a a a a 
a a s a s 2: a a a a a a a s a a 

130 135 



aag ttc cct agt ggc tat tac tgg tga tgatatagee tetattegtg 



52 



100 



148 



196 



244 



292 



340 



388 



436 



483 



Lys Phe Pro Ser Gly Tyr Tyr Trp 
145 

ccaataaaat gtcacatatc atagcaagtg gcaaataaga gtgctgagtg atgatctatg 543 
aataaaatca cccttgtata ttgatctgtg ttcgagaaaa aaaaaaaaaa aaaaa 598 



<210> 2 
<211> 148 
<212> PRT 

<213> Triticum aestivum 
<400> 2 

Met Lys Thr Leu Phe Leu Leu Ala Leu Leu Ala Leu Val Ala Ser Thr 
15 10 15 

Thr Phe Ala Gin Tyr Ser Glu Val Gly Gly Trp Tyr Asn Glu Val Gly 
20 25 30 

Gly Gly Gly Gly Ser Gin Gin Cys Pro Gin Glu Arg Pro Lys Leu Ser 
35 * 40 45 

Ser Cys Lys Asp Tyr Val Met Glu Arg Cys Phe Thr Met Lys Asp Phe 

50 ' ~ 55 60 

Pro Val Thr Trp Pro Thr Lys Trp Trp Lys Gly Gly Cys Glu His Glu 
65 70 75 80 

Val Arg Glu Lys Cys Cys Lys Gin Leu Ser Gin He Ala Pro Gin Cys 
85 90 95 

Arg Cys Asp Ser He Arg Arg Val He Gin Gly Arg Leu Gly Gly Phe 
100 105 HO 

Leu Gly He Trp Arg Gly Glu Val Phe Lys Gin Leu Gin Arg Ala Gin 
115 ~ * 120 125 

Ser Leu Pro Ser Lys Cys Asn Met Gly Ala Asp Cys Lys Phe Pro Ser 
130 135 140 



Gly Tyr Tyr Trp 
145 



<210> 3 

<211> 680 

<212> DNA 

<213> Triticum aestivum 
<220> 



.■04 




<22l> CDS 

<222> (25) . . (471) 

<223> 

<400> 3 

cctgcaccaa aacacactga caac atg aag gcc etc ttc etc ata gga ctg 51 

Met Lys Ala Leu Phe Leu He Gly Leu 
1 5 

ctt get ctg gta gcg age acc gcc ttt gcg caa tat age gaa gtt gtt 99 
Leu Ala Leu Val Ala Ser Thr Ala Phe Ala Gin Tyr Ser Glu Val Val 
10 15 20 ' 25 

ggc agt tac gat gtt get ggc ggg ggt ggt get caa caa tgc cct gta 147 
Gly Ser Tyr Asp Val Ala Gly Gly Gly Gly Ala Gin Gin Cys Pro Val 
30 35 40 

gag aca aag eta aat tea tgc agg aat tac ctg eta gat cga tgc tea 195 
Glu Thr Lys Leu Asn Ser Cys Arg Asn Tyr Leu Leu Asp Arg Cys Ser 
45 50 55 

acg atg aag gat ttc ccg gtc acc tgg cgt tgg tgg aaa tgg tgg aag 243 
Thr Met Lys Asp Phe Pro Val Thr Trp Arg Trp Trp Lys Trp Trp Lys 
60 65 70 

gga ggt tgt caa gag etc ctt ggg gag tgt tgc agt egg etc ggc caa 291 
Gly Gly Cys Gin Glu Leu Leu Gly Glu Cys Cys Ser Arg Leu Gly Gin 
75 80 85 

atg cca ccg caa tgc cgc tgc aac ate ate cag ggg tea ate caa ggc 339 
Met Pro Pro Gin Cys Arg Cys Asn He He Gin Gly Ser He Gin Gly 
90 95 100 105 

gat etc ggt ggc ate ttc gga ttt cag cgt gat egg gca age aaa gtg 337 
Asp Leu Gly Gly He Phe Gly Phe Gin Arg Asp Arg Ala Ser Lys Val 
HO 115 120 

ata caa gaa gcc aag aac ctg ccg ccc agg tgc aac cag ggc cct ccc 435 
lie Gin Glu Ala Lys Asn Leu Pro Pro Arg Cys Asn Gin Gly Pro Pro 
125 130 135 

tgc aac ate ccc ggc act att ggc tat tac tgg tga tgtagcttcc 481 
Cys Asn He Pro Gly Thr He Gly Tyr Tyr Trp 
140 145 

atttatgact agctaataaa ctgtcacata ccactgcgtg tgacaaataa aagtggtcat 541 

ggaataattt atgaataaaa tttcagcatg tgcctgcgcg aggtgtctat agcaaacata 601 

teagtatgee tatatatgtt aatcaagata gcaatgttca catacaaaaa aaaaaaaaaa 661 
aaaaaaaaaa aaaaaaaaa 



<210> 4 

<211> 148 

<212> PRT 

<213> Triticum aestivum 

<400> 4 



680 



Met Lys Ala Leu Phe Leu He Gly Leu Leu Ala Leu Val Ala Ser Thr 
15 10 15 

Ala Phe Ala Gin Tyr Ser Glu Val Val Gly Ser Tyr Asp Val Ala Gly 
20 25 30 

Gly Gly Gly Ala Gin Gin Cys Pro Val Glu Thr Lys Leu Asn Ser Cys 
35 40 45 

Arg Asn Tyr Leu Leu Asp Arg Cys Ser Thr Met Lys Asp Phe Pro Val 
50 55 60 

Thr Trp Arg Trp Trp Lys Trp Trp Lys Gly Gly Cys Gin Glu Leu Leu 
65 ~ 70 75 80 

Gly Glu Cys Cys Ser Arg Leu Gly Gin Met Pro Pro Gin Cys Arg Cys 
85 90 95 

Asn He He Gin Gly Ser He Gin Gly Asp Leu Gly Gly He Phe Gly 
100 105 HO 

Phe Gin Arg Asp Arg Ala Ser Lys Val He Gin Glu Ala Lys Asn Leu 
115 120 125 

Pro Pro Arg Cys Asn Gin Gly Pro Pro Cys Asn He Pro Gly Thr He 
130 " 135 140 



Gly Tyr Tyr Trp 
145 



<210> 5 
<211> 16 
<212> DNA 

<213> Artificial sequence : oligonucleotide 
<400> 5 

tcgacccacg cgtccg 



<210> 6 

<211> 6 

<212> DNA 

<213> Artificial sequence : oligonucleotide 



<400> 6 
gcggcc 
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